Objectives. Population-based landline telephone surveys are potentially biased due to inclusion of only people with landline telephones. This article examined the degree of telephone coverage bias in a low-income population.
Most population-based surveys are conducted by telephone interviews. Telephone surveys are popular for a variety of reasons: they are more economical, faster to complete, and less prone to interviewer bias, and they present no interviewer safety issues. Telephone surveys rely on the underlying assumption that the results obtained from those who are reached and who agree to the interview are generalizable to the population as a whole. "Telephone coverage bias" is the expected difference between the results estimated from a telephone survey sample and the true population value. Because the sampling frame of random-digit dialed (RDD) telephone surveys is landline telephone numbers, the surveys are prone to telephone coverage bias, as they do not reach households without landline telephones, [1] [2] [3] and populations without landline telephones are significantly different from those with telephones. 4, 5 The magnitude of this bias is proportional to the percent of the population without a landline telephone and the magnitude of the differences between the populations with and without landline telephones; therefore, estimates from RDD surveys could be under-or overestimates, depending on the direction of the difference between the populations with and without landline telephones. The bias can be significant among low-income, rural, and minority households, as these subpopulations may have different characteristics and behaviors. 6 In the United States, telephone coverage is constantly increasing, and since 1970, more than 90% of the U.S. population has had telephone service in the home (referred to as landline telephones). The growth in telephone coverage over time was approximately 3% per year until 2000. Since 2000, the number of landline telephones has declined, most likely due to the exclusive use of cellular telephones and replacement of dial-up Internet service with broadband service. 7 Due to these changes in the trends of telephone coverage, we would expect telephone coverage bias to be higher in subpopulations that have lower landline telephone coverage, such as young adults with only cellular telephones, low-income adults with only cellular telephones or no landline telephones, and deaf or hearing-impaired people who have limited access to telephone-based communication. 6, 8, 9 This analysis sought to determine the magnitude of telephone coverage bias that could be encountered in telephone-based surveys, when the studied population is known to be rural and of low income.
METHODS
We conducted the Charles County Cancer Survey (CCCS) to evaluate cancer screening practices and risk-prevention behaviors, as well as demographic factors, among low-income and rural residents of Charles County, Maryland. Two different questionnaires were used: one to examine cancer screening practices and risk behaviors in residents aged 40 years and older, and the other to examine cancer prevention and risk behaviors in residents aged 18 to 39 years. In the demographic portion of the survey, respondents were asked whether they had a home telephone (landline telephone) and whether they had a cellular telephone.
We selected areas identified to have low-income households through previous outreach efforts by the Charles County Department of Health to be the source population for the survey. The areas included a mobile home park, Section 8 apartments and housing units, and pockets of homes and trailers in rural areas of the county. In addition, surveys were also administered at two health clinics for low-income patients. Personnel from the Charles County Department of Health and interviewers hired specifically for this project conducted the surveys as face-to-face interviews. Prior to the start of the survey, we conducted rigorous training of the interviewers to ensure standardized questionnaire administration and scoring. The Institutional Review Boards (IRBs) of the Maryland Department of Health and Mental Hygiene and the University of Maryland, Baltimore, School of Medicine approved the survey questionnaire and protocol.
For each household approached, all interested residents living in the home who were aged 18 years and older were invited to participate in the survey. The interviewer explained the nature and purpose of the survey, and read a verbal statement of informed consent, which the IRBs had previously approved, to each prospective participant. If verbal consent was given, the interviewer administered the survey in person at that time. Each respondent received a $10 gift certificate for participating in the survey.
We obtained convenience samples of approximately 250 people for each age group (18 to 39 years, and 40 years and older), and analyzed information on demographic variables, health insurance, recent physical examination, cigarette smoking, alcohol consumption, and folic acid intake for the entire sample. Questions on cancer screening were analyzed as follows: (1) ever had a colonoscopy, for adults aged 50 years and older;
(2) ever had a prostate-specific antigen (PSA) test, for African American men aged 45 years and older and all other men aged 50 years and older; (3) ever had a mammogram, for all women aged 40 years and older; and (4) ever had an oral cancer examination, for all adults aged 40 years and older.
Data analysis
We analyzed the data using SAS ® version 9.1 10 in four steps:
1. We determined the prevalence for each variable of interest (e.g., demographics, healthcare access, cancer screening, and lifestyle/ behavioral factors) in the overall sample and according to telephone status (among those respondents with and those without landline telephones). Sample proportions were used in the analysis. Although our sampling methods allowed more than one family member per household to be included, repeated measurement analysis to control for within-household correlations revealed that our results did not change due to inclusion of more than one family member per household.
2. We performed a bivariate analysis to identify differences between respondents with and without landline telephones. We calculated proportions, 95% confidence intervals (CIs), and p-values.
3. We calculated the magnitude of telephone coverage bias for each variable that differed between respondents with and without landline telephones. We defined coverage bias as the difference between the overall sample estimate and the estimate for those with landline telephones. Telephone coverage bias is the expected difference between the estimates from a telephone survey sample and the true population value. If we could include all households with a landline telephone in a survey and they all responded to the interview, the landline telephone bias would be the difference between the estimate from that survey and the actual population parameter (which would be based on responses of all households with and without landline telephones) due to incomplete landline telephone coverage.
4.
To assess the impact of telephone coverage on bias estimates and on observed prevalence of health indicators, using colonoscopy as an example, we calculated the expected prevalence in the population (assuming that our overall sample prevalence is an unbiased estimate of the population prevalence) and expected coverage bias based on the following equations:
Expected prevalence of colonoscopy in the population = [(A*B) 1 (C *(12B))] * 100
Expected coverage bias 5 expected colonoscopy prevalence -A where, A 5 prevalence of colonoscopy among individuals with landline telephones, using A50.59, which is the sample prevalence of colonoscopy for those with land line telephones B 5 percentage of individuals with landline telephones, using B as a sequence of difference values 0%-100% C 5 prevalence of colonoscopy among individuals without landline telephones, using C50.18, which is the sample proportion of colonoscopy for those without landline telephones in our sample of faceto-face interviews 1 -B 5 percentage without landline telephones
RESULTS
We approached 714 households for interviews; 169 households (24%) did not answer; 103 households (14%) refused enumeration; three households (,1%) were ineligible following enumeration; at 34 households (5%), enumeration was not conducted for other reasons (e.g., household was vacant); and 405 (57%) households were found to be eligible. Of the 405 eligible households, 312 (77%) participated in the survey, resulting in 446 interviews. An additional 56 interviews were conducted at the participating clinics.
A total of 502 individuals (median age of 39 years) participated in the CCCS. The study population was predominantly female (68%) and African American (72%). Approximately 75% of respondents had completed at least a high school education, and 54% were self-employed or employed for wages at the time of the survey. More than half (53%) of respondents reported an annual household income of less than $20,000 (Table 1) . Of 499 respondents, 43% had only landline telephones, 41% said they had both landline and cellular telephones, 12% had a cellular telephone only, and 4% had neither (data not shown).
Individuals without landline telephones were more likely than those with landline telephones to be white and to have an income of $20,000 to ,$35,000 (Table 2) . Gender, age, marital status, and education level did not differ by telephone status.
As shown in Table 3 , respondents without landline telephones were less likely than respondents with landline telephones to have had a routine medical checkup in the past two years (76% vs. 89%) or to have current insurance coverage (55% vs. 70%). Respondents without landline telephones were also less likely than those with landline telephones to have ever had a colonoscopy (18% vs. 59%), a mammogram (69% vs. 91% among women), or a PSA test (25% vs. 60% among men). The prevalence of non-alcohol drinkers (in the last 30 days) and nonsmokers was significantly lower among people without landline telephones, as was use of folic acid supplements. Body mass index, vegetable and fruit consumption, and frequency and duration of physical activity did not differ by landline telephone status (data not shown). The data provided moderate evidence that the prevalence of oral cancer screening was lower among respondents without landline telephones (20% vs. 36%).
We assessed the magnitude of telephone coverage bias for variables that differed by telephone coverage status in the bivariate analysis (Table 4 ). In our sample of mainly low-income adults, the difference between the percentage obtained from the entire sample and the percentage obtained from only those with landline telephones (i.e., the telephone coverage bias) ranged from 2.1 to 6.5 percentage points. We found the largest differences for ever having had a PSA test (6.5 percentage points), ever having had a colonoscopy (5.0 percentage points), and nonsmoking status (3.8 percentage points). It is worth noting that the prevalence estimates for the overall sample were included in the CIs for estimates from participants with landline telephones only.
To demonstrate the effect of landline telephone coverage on telephone coverage bias, we ran a series of calculations using CCCS data on prevalence of ever having had a colonoscopy among people with and without landline telephones. Under the scenario shown in the Figure, the magnitude of telephone coverage bias decreases as the percent of population with landline telephone coverage increases. For example, at 75% telephone coverage, the magnitude of bias is approximately 10%. When telephone coverage increases to 95%, the magnitude of the bias declines to only 2%.
To assess the effect of telephone coverage on the prevalence of health outcome measures estimated from face-to-face surveys, we calculated the expected prevalence of colonoscopy with varying levels of telephone coverage. Under the second scenario shown in the Figure, the expected prevalence of colonoscopy in a face-to-face survey would be 49%, assuming a prevalence of 59% among people with landline telephones (based on the findings in CCCS) and landline telephone coverage of 75% in the overall population. Similarly, with 95% telephone coverage, the expected prevalence of colonoscopy as estimated by a face-toface survey would be 57%. Thus, as telephone coverage increases, the estimates from a telephone survey would approximate the expected estimates from a face-to-face survey.
DISCUSSION
Our study showed significant differences in some demographic factors and health risk behaviors between individuals with and without landline telephones. Other investigators have also reported evidence supporting the presence of such differences. In 1997, Arday et al. 11 investigated the effect of RDD telephone 12 with results from the Current Population Survey (CPS, a population-based survey). 13 They reported that for three study periods (1985, 1989, and 1992-1993) , smoking prevalence estimates from the BRFSS were lower than overall smoking prevalence estimates from the CPS. 11 According to Ford, significant differences between individuals with and without telephones were observed in demographics and lifestyle characteristics, including health status, smoking, and physical activity. 14 Although our results revealed absolute telephone coverage bias as high as 6.5 percentage points, the point estimates for the overall sample were within the CIs of the estimates of those with landline telephones. This finding supports the use of RDD telephone survey methods to assess and collect information about the general population. Similar to our results, the study by Arday et al. comparing BRFSS and CPS found an absolute bias ranging from 0.7 to 2.0 percentage points. 11 In addition, data from the household-based National Health Interview Survey (NHIS) suggested that the difference in health indicators between all households and those with telephones was less than 1%. These differences were of similar magnitude when the analysis was restricted to respondents below the poverty level with telephone coverage of 83%. 15 The higher magnitude of bias observed in our study compared with the previously described studies could be explained by the higher noncoverage in our sample compared with the NHIS, BRFSS, and CPS.
Other biases could arise due to the mode of interview. Response bias could be encountered in telephone surveys due to higher nonresponse than face-to-face surveys. Although nonresponse rates are higher in telephone surveys, they are also increasing in face-to-face surveys, such as the NHIS. 16, 17 Proper weighting methods could be used to minimize the magnitude of nonresponse bias in telephone surveys. On the other hand, studies have shown that respondents in telephone surveys tend to report more health-related events than respondents in face-to-face interviews, suggesting that telephone interviews provide more accurate estimates. 18 Another growing concern that is jeopardizing telephone surveys is the increase in cellular telephone usage, replacing landline telephones. In the past, the lack of landline telephones was due largely to affordability. With the increasing trend toward cellular telephone use, more individuals are electing not to have landline telephones. 19 These individuals may be different from those who have landline telephones. Data from the NHIS were used to assess the possible impact of the increase in cellular telephone use on estimates obtained from telephone surveys. The authors concluded that the bias resulting from exclusion of cellular telephone users was sufficiently small that a change in methods was not warranted. 20 We performed our survey as part of the Maryland Cancer Surveys project, which also performs a biennial statewide landline telephone survey on cancer screening and risk behaviors. We partnered with the Charles County Department of Health to use their knowledge of the county demographics to reach a low-income population for this face-to-face survey. Because this was a convenience sample, the results may not be generalizable to the rural, low-income population of Charles County or to the rural areas of Maryland as a whole. Our sampling frame allowed more than one member to participate per household, which is different from most RDD telephone surveys. We conducted repeated measurement analysis to control for withinhousehold correlations arising due to the enrollment of more than one member per household. We found Calculations are based on these assumptions: A 5 Prevalence of ever having colonoscopy among respondents with landline telephones 5 59% B 5 Percentage of individuals with landline telephones, using B as a sequence of difference values 0%-100% C 5 Prevalence of ever having colonoscopy among respondents with no landline telephones 5 18%
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Expected colonoscopy prevalence that all variables that were significantly associated with landline telephone status in the unadjusted analysis (i.e., analysis not adjusting for interhousehold correlations) remained significant (data not shown).
In our bias study, we assumed that telephone survey respondents were similar to the subpopulation with landline telephones in our sample. Thus, estimates for respondents with landline telephones in our survey would be expected to approximate estimates from telephone surveys. This assumption could be invalid if this subpopulation is systematically more or less likely to respond to a telephone survey than a face-to-face survey.
CONCLUSIONS
As demonstrated in the CCCS and other surveys, 11, 14 people without landline telephones differ in important ways from those who do have telephones. We found telephone coverage bias in our rural, low-income sample to be higher than bias calculated in previous studies that looked at this question in larger populations. This finding highlights the continuing need for such targeted face-to-face surveys to supplement telephone surveys as a means of more fully characterizing hard-toreach subpopulations. Such surveys can be invaluable for identifying unique needs of groups not reached by telephone surveys, including those of low-income and non-English-speaking people. However, our findings also indicate that estimates derived from telephonebased surveys can provide reasonable representations of the overall population prevalence. Thus, telephone surveys continue to offer a cost-effective method for conducting large-scale population studies in support of policy and public health decision-making.
